Synephrine is a primary synthesis drug developed as a sympathomimetic agent with vasoconstrictor and bronchiectatic activities. This substance is also a known constituent of the peel of Citrus fruit and immature Citrus fruit. These crude drugs originated from plants belonging to Rutaceae.
Many reports have been published describing methods for the quantitative determination of synephrine contained in these crude drugs using thin-layer chromatography 1,2 , gas-liquid chromatography 3 and highperformance liquid chromatography (HPLC). [4] [5] [6] In our previous paper 7 , we reported on an analysis of flavanone glycosides in these two crude drugs by using capillary electrophoresis (CE). We succeeded in our attempt to separate and determine the quantity of synephrine in the peel of Citrus fruit, immature Citrus fruit and in decoctions of Chinese medicinal prescriptions containing these crude drugs.
Experimental

Materials
Chopped crude drugs were purchased from NakaiKohshindo (Kobe, Japan). Authentic synephrine was purchased from Sigma (St. Louis, MO, USA). Ammonium sulfate, 4-dimethylaminopyridine, phosphoric acid, sodium dodecyl sulfate and tris(hydroxymethyl)aminomethane were obtained from Nacalai Tesque (Kyoto, Japan).
Capillary electrophoresis
A Quanta 4000 system (Waters Associates) with an 805 Data station (Waters Associates) was used as the electrophoretic apparatus. An AccuSep capillary (75 µm i.d.×60 cm, Waters Associates) and a UV detector within the apparatus (on-column detection at 254 nm) were employed as the capillary column and detector, respectively. Injection of the sample solution was performed by a hydrostatic method (10 s). A 50 mM tris(hydroxymethyl)aminomethane-40 mM ammonium sulfate solution (pH 8.9) was used as the electrophoretic buffer. The applied voltage during CE was 10 kV (migration current, 70 µA). The synephrine content was estimated based on the peak area using 4-dimethylaminopyridine as an internal standard.
High-performance liquid chromatography
The conditions used were as follows: a high-pressure machine [Model LP-1000 (Eyela)]; a detector [Model UV-9000 (Eyela, wavelength 220 nm)]; a column [LiChrospher RP-18(e) (Merck, 4 mm i.d.×25 cm)]; a mobile phase (conformed to the literature 8 ), water-acetonitrile-sodium dodecyl sulfate-phosphoric acid (65:35: 0.5:0.1); a flow rate of 1.0 ml/min. The chromatograms were recorded on a SIC Chromatocorder 12, and the peak areas were compared for quantitative determinations.
Preparation of Chinese medicinal prescriptions
Chinese medicinal prescriptions were prepared according to the prescriptions for a one-day dose written in the literature 9 , and are listed in Table 1 .
Preparation of samples
Synephrine was extracted from the peel of Citrus fruit and immature Citrus fruit using a procedure described in the literature 5 and briefly outlined below. About 500 mg of a well-dried powder of the crude drugs was accurately weighed and extracted with 40 ml of the mobile phase for HPLC by refluxing for 15 min. After cooling, the solution was centrifuged and decanted. The residue was washed twice with 2 ml of the mobile phase, and then centrifuged again. All of the supernatants were combined and put into a 50 ml measuring flask and adjusted to 50 ml with the mobile phase. After filtration through a membrane filter (50 µm), the filtrate was provided for CE and HPLC analyses. The analyses of the decoctions of Chinese medicinal prescriptions were carried out as described below. A one-day dose of Chinese medicinal prescriptions was boiled in a beaker (1000 ml) with 600 ml of water for 40 min on an electric heater (600 W) and filtered through absorbent cotton. After cooling, the decoction solution was made up to 250 ml with water. After centrifugation and filtration through a membrane filter (50 µm), the filtrate was used for CE analysis. The solvent of another decoction solution (50 ml) was removed in vacuo according to the literature. 10 The residue was extracted with 40 ml of the mobile phase at 40˚C for 5 min, then centrifuged and separated from the supernatant. The precipitate was washed twice with 2 ml of the mobile phase and centrifuged again. All of the supernatants were combined and adjusted to 50 ml with the mobile phase. After filtration through a membrane filter (50 µ m), the filtrate was provided for HPLC analysis.
Results and Discussion
The structure of synephrine is similar to that of ephedrine, the principal constituent of the Ephedra herb, one of the important crude drugs in Chinese traditional medicine. The analytical condition used in HPLC 8 to determine the ephedrine content in the Ephedra herb is directly applicable to the determination of the synephrine content in the peel of Citrus fruit and immature Citrus fruit. 5 Accordingly, referring to the reports 11, 12 on the analysis of ephedrine by using CE, these analytical conditions were used to examine the synephrine content of Citrus fruits. It was concluded that synephrine in the peel of Citrus fruit and immature Citrus fruit can be separated by CE using a 50 mM tris(hydroxymethyl)aminomethane-40 mM ammonium sulfate buffer solution (pH 8.9). When CE was performed at 10 kV, the migration current was about 70 µA, while the migration time was around 15 min, both of which were satisfactory. The detection limit was 4 µg/ml and 4-dimethylaminopyridine could be used as an internal standard. In the original literature 12 , 60 mM of 1,3-diaminopropane was added to the buffer solution (pH 10.0), but under this analytical condition the migration time of synephrine was delayed, and therefore unsuitable.
According to the literature 5 , the peels of Citrus fruit and immature Citrus fruit were treated with the mobile phase to extract the synephrine. Its quantity was then determined by using CE, and compared with the result from an HPLC determination. As shown in Table 2 , no considerable differences were found between the analytical methods. Therefore, it is suggested that CE and HPLC have similar analytical abilities in the determination of the synephrine content. The electropherograms of the peel of Citrus fruit and immature Citrus fruit are shown in Figs. 1 and 2 .
The possibility of applying this analytical condition to an estimation of the synephrine content in decoctions of Chinese medicinal prescriptions containing the peel of Citrus fruit or immature Citrus fruit was then examined. The results are given in Table 3 . Fourteen prescriptions were tested and the synephrine contents in 12 decoctions could be estimated. However, the synephrine content of 2 prescriptions containing immature Citrus fruit could not be determined, owing to interfering peaks arising from other crude drugs in the mixture. The electropherograms of the decoctions in which it was possible to determine the synephrine content are shown in Fig. 3 .
Although the synephrine content in the decoctions of these Chinese medicinal prescriptions can also be determined by HPLC, this requires a complicated pretreatment, such as evaporation of the extraction solvent and re-extraction. 10, 13, 14 The advantage of using CE is that the intact decoction solution can be analyzed directly. Additionally, the internal standard used in CE analysis must result in a more exact determination. Because synephrine migrates more rapidly than most other constituents, purging the capillary after complete elution of synephrine can reduce the total time for an analysis. It seems to be an efficient way to analyze drugs like those of Chinese medicinal prescriptions, which include many components. Furthermore, CE requires a smaller volume of the solvent than does HPLC, which reduces the operating costs. In spite of the presence of many components, the synephrine content in most of the prescriptions examined was successfully determined. The conditions and peak identities are the same as in Fig. 1 .
